





MATHEMATICAL MODELLING OF PERSISTENT SPLICING SYSTEMS 










A thesis submitted in fulfilment of the 
requirements for the award of  the degree of 




Faculty of Science 













Especially to my beloved, Mother and Father 




My dear brothers,  






















A profound depth of gratitude is owed to my dear supervisor, Assoc. Prof. 
Dr. Nor Haniza Sarmin and my dear co supervisors Dr. Fong Wan Heng. and Dr. 
Mohd Firdaus Abdul Wahab for their continuous support, help and guidance from 
the gathering of ideas until the completion of the report writing. Their unwavering 
belief in me has been a great source of my strength.  
 
 
Furthermore, I would like to give very special thanks to Assoc. Prof. Dr. Nor 
Haniza Sarmin who encouraged me to attend in many conferences and I could gain 
experience. Also, she always read and responded to the drafts of my work and emails 
quicker than I could have hoped.  
 
 
Also, I would like to give my special thanks to Dr. Fong Wan Heng who 




Moreover, I should appreciate Dr. Mohd Firdaus Abdul Wahab patience and 
his kind help during my work in laboratory. Indeed the practical part of my thesis 
would not have been possible without his expert guidance. 
 
 
I acknowledge, with gratitude, to the School of Postgraduate Studies (SPS) 








I would like to express my sincere gratitude to my co-author, Dr Sherzod 
Turaev from the Department of Department of Computer Science, International 




Last but not least, my special thanks to my family, especially my parents, for 
their continuous support and patience and all my friends for their love and support 















Splicing system is a bio-inspired computational model that interprets the 
cutting and pasting behavior of DNA molecules in the presence of restriction 
enzymes. Splicing system is defined under the framework of formal language theory. 
In this research the relation between different types of splicing systems and 
languages such as uniform, null-context, permanent, persistent and strictly locally 
testable languages are investigated. Then, the characteristics of persistent and 
permanent splicing systems are explored in detail. The interesting point about these 
two systems is that if restriction enzymes are chosen from actual biological sense, 
then the resulting systems are often persistent and permanent. Their main feature is 
that the property of crossing of a site is preserved and consequently, the enzymes 
cleavage process persists. Some sufficient conditions are provided for splicing 
systems to be persistent and permanent. New concepts of self-closed, crossing-
preserved and extended crossing-preserved are introduced. These new concepts are 
closely connected to the notions of persistent and permanent systems.  Moreover, 
fuzzy splicing system is introduced as an extension of splicing systems. In fact, by 
considering the threshold languages generated by fuzzy splicing systems, their 
computational power is increased. In other words, there are some fuzzy splicing 
systems that generate non-regular languages, while splicing systems with finite 
components can only generate regular languages.  At the end of this research, a 
laboratory experiment has been conducted to biologically validate the behavior of 


















Sistem hiris-cantum adalah satu model pengkomputeran bioinspirasi yang 
mentafsirkan tingkah laku potong dan tampal molekul-molekul DNA dengan 
kehadiran enzim-enzim pembatas. Sistem hiris-cantum ditakrifkan menggunakan 
Teori Bahasa Formal. Dalam penyelidikan ini hubungan antara pelbagai jenis sistem 
hiris-cantum dan bahasa seperti bahasa seragam, berkonteks-pincang, kekal, 
berterusan dan bolehuji setempat yang tegas disiasat. Kemudian, ciri sistem hiris-
cantum berterusan dan kekal diterokai dengan terperinci. Perkara menarik tentang 
kedua-dua sistem ini adalah jika enzim pembatas dipilih daripada keadaan biologi 
sebenar, sistem yang terhasil selalunya adalah berterusan dan kekal. Ciri utama 
sistem hiris-cantum berterusan dan kekal iaitu  sifat sebagai lintasan tapak adalah 
dipelihara dan akibatnya, proses belahan enzim adalah berterusan. Beberapa syarat 
cukup bagi sistem hiris-cantum untuk menjadi berterusan dan kekal diberikan. 
Tambahan pula, konsep baru tertutup-sendiri, lintasan-dipelihara dan peluasan 
lintasan-dipelihara diperkenalkan yang mana ia berhubung rapat dengan tanggapan 
sistem berterusan dan kekal. Seterusnya, sistem hiris-cantum kabur diperkenalkan 
sebagai peluasan sistem hiris-cantum. Dengan mempertimbangkan bahasa ambang 
yang dijana oleh sistem hiris-cantum kabur, kuasa pengiraan sistem hiris-cantum 
meningkat. Dengan kata lain, terdapat beberapa sistem hiris-cantum kabur yang 
menjana bahasa tidak biasa. Manakala sistem hiris-cantum dengan komponen 
terhingga hanya boleh menjana bahasa biasa. Di akhir penyelidikan ini, satu 
eksperimen makmal telah dijalankan untuk mengesahkan tingkah laku sistem hiris-
cantum berterusan secara biologi. 
 
 
  
